Fiberoptic bronchoscopy is currently the most commonly used methods to distinguish lung cancer from benign diseases[@b1][@b2]. Patients suspected of malignancy often undergo bronchoscope examination and bronchial washing are traditionally used[@b3]. Changes of cytokines in bronchoalveolar lavage fluid (BALF) reflect immunologic reactions of the lung in pulmonary malignancies[@b4]. Thus, detection of biomarkers in BALF might serve as an important adjunct to bronchoscopy for differential diagnosis of lung cancer[@b5][@b6][@b7][@b8][@b9][@b10][@b11]. In our previous study, we found that the level of vascular endothelial growth factor (VEGF) was significantly increased in both serum and BALF among patients with lung cancer[@b12]. Moreover, measurement of VEGF concentration in BALF might be helpful for lung cancer diagnosis[@b12]. VEGF-C, a member of the VEGF family, specifically modulates many endothelial cell functions, especially involving angiogenesis and lymphangiogenesis of different human cancers[@b13][@b14][@b15]. There is evidence that the high level of VEGF-C in peripheral blood indicated a high probability of lung cancer[@b14][@b15]. However, to the best of our knowledge, the expression of VEGF-C in BALF of lung cancer patients has not yet been examined. On the other hand, carcinoembryonic antigen (CEA), neuron-specific enolase (NSE), and cytokeratin 19 fragment (CYFRA21-1) were suggested in published studies as possible tumor markers for pulmonary malignancy due to their higher sensitivity in different pathological type lung cancer[@b16][@b17][@b18]. Nevertheless, only a few studies with limited samples have investigated these tumor markers in BALF of lung cancer. Based on the above evidence, the present study was designed to assess the usefulness of VEGF-C, CEA, NSE, and CYFRA21-1 in BALF for differential diagnosis of lung cancer.

Results
=======

VEGF-C level in BALF
--------------------

The level of BALF VEGF-C was higher among patients with lung cancer than patients with benign diseases, but the difference did not reach statistical significance (269.9 ± 22.0 pg/ml *versus* 212.9 ± 23.2 pg/ml, *P* = 0.08; [Fig. 1A](#f1){ref-type="fig"}). When the lung cancer cases were categorized by tumor histology, however, a statistically significant difference was found between patients with squamous cell carcinoma and patients with benign diseases (302.0 ± 39.1 pg/ml *versus* 212.9 ± 23.2 pg/ml, *P* = 0.043; [Fig. 1B](#f1){ref-type="fig"}), while no significant difference was found between malignant and benign groups with respect to adenocarcinoma or small cell carcinoma (data not shown).

CEA, NSE, and CYFRA21-1 levels in BALF
--------------------------------------

As shown in [Figure 2A](#f2){ref-type="fig"}, the concentration of NSE in malignant group was significantly higher compared with benign groups (6.1 ± 0.8 ng/ml *versus* 3.3 ± 0.8 ng/ml, *P* = 0.018). However, no significant difference was observed in BALF CEA (32.6 ± 6.9 ng/ml *versus* 24.8 ± 4.8 ng/ml, *P* = 0.375; [Fig. 2B](#f2){ref-type="fig"}) or CYFRA21-1 (52.5 ± 8.0 ng/ml *versus* 55.4 ± 12.3 ng/ml, *P* = 0.838; [Fig. 2C](#f2){ref-type="fig"}) between lung cancer patients and non-cancer controls.

Receiver Operating Characteristic (ROC) analysis and cut-off value of BALF NSE
------------------------------------------------------------------------------

Using logistic regression models, we calculated sensitivity and specificity of NSE in BALF to predict the possible threshold value for lung cancer. The diagnostic threshold afforded by the ROC analysis for NSE was 2.06 ng/ml. The area under the ROC was 0.711 ([Fig. 3](#f3){ref-type="fig"}). With a threshold value of 2.06 ng/ml, NSE had a sensitivity of 72.9%, a specificity of 69.2%, a positive predictive value of 74.5%, and a negative predictive value of 67.5%, in predicting the malignant nature of pulmonary mass.

Disscusion
==========

VEGF-C, a member of the VEGF family, is an important regulator of angiogenesis in the process of tumor growth and metastasis. There is evidence that the level of VEGF-C is significantly increased in peripheral blood among patients with lung cancer[@b14][@b15]. Based on this background, we performed the present study to investigate the potential of VEGF-C in BALF as a possible biomarker in differentiating diagnosis of lung cancer. The results showed that the level of VEGF-C was higher among patients with lung cancer than in patients with benign diseases, but the difference did not reach statistical significance. When the lung cancer cases were categorized by tumor histology, a statistically significant difference was found between patients with squamous cell carcinoma and nonmalignant controls, which were consistent with previous studies[@b19][@b20].

Yamashita and colleague have analyzed VEGF-C expression in 117 lung cancer patients by immunohistochemical staining[@b19]. They observed that the positive expression of VEGF-C was detected in 48.7% subjects and VEGF-C expression was more frequently in squamous cell carcinoma[@b19]. In another report, Saintigny *et al.*[@b20] identified that the percentage of VEGF-C expression was 50%, 40%, and 10% for squamous cell carcinoma, adenocarcinoma, and large cell carcinoma, respectively (*P* = 0.04). All of these studies provided evidence that VEGF-C might be a risk factor and biomarker for squamous cell carcinoma, but not for cancers of other cell types in the lung owing to the varying mechanisms of carcinogenesis in different cell types of lung cancer. Such evidence on the function of VEGF-C may contribute to a better understanding of lung cancer biology. More importantly, it would be of great help for doctors to choose therapies in an individual manner.

Considering that tumor markers are produced directly by the tumor or by non-tumor cells as a response to the presence of tumor cells, the elevation of tumor markers can be detected earlier than radiographic abnormalities[@b18]. Therefore, it is very important to assess the appropriate tumor markers in BALF for diagnosis or even in predicting the recurrence of lung cancer[@b21]. Nowadays, CEA, NSE, and CYFRA21-1 are the most widely used tumor markers in clinical practice for the differentiation of malignant and benign lung diseases[@b16][@b17][@b18]. In the present study, these tumor markers were investigated in BALF and this is hoped to be a useful method for distinguishing lung cancer from benign diseases.

In our study, we found the level of NSE was significantly higher in patients with malignance, indicating that NSE in BALF might be a good marker for lung cancer diagnosis. ROC curve was further performed to evaluate the ability of NSE in differentiating lung cancer patients from those with benign diseases. The diagnostic threshold afforded by the ROC analysis for NSE was 2.06 ng/ml. With this cut-off value, NSE had a sensitivity of 72.9% and a specificity of 69.2%. These results provided a new approach with a higher diagnostic value in patients with pulmonary mass discovered by chest radiograph or CT screening. In addition, the presence of low level of NSE in BALF indicated a low probability of malignancy, which might serve to avoid performing an invasive procedure.

However, there were no significant differences in CEA concentration between malignant and benign groups. CEA, synthesized by epithelial and tumor cells, is a tumor marker belonging to the immunoglobulin gene superfamily of adhesion molecules[@b22]. A bulk of studies has reported the importance of CEA level in peripheral blood of lung cancer patients[@b23][@b24][@b25][@b26]. In contrast, only a few studies have investigated CEA concentrations in BALF. Charalabopoulos *et al.*[@b10] measured CEA in BALF among 50 patients with lung cancer, 20 benign lung lesions, and 20 healthy controls. In support of our findings, they demonstrated that CEA measurement in BALF alone has little value in the diagnosis of malignancy.

Serum CYFRA21-1 is not only a sensitive and specific tumor marker in pulmonary, but also a useful adjunctive marker for disease monitoring[@b26][@b27][@b28][@b29]. Nevertheless, we failed to find a significant difference in the level of CYFRA21-1 in BALF between benign and malignant groups. Our results agreed with a previous study, in which the researchers demonstrated that the measurement of CYFRA 21-1 in BALF has poor diagnostic value in lung cancer[@b8].

One of the limitations of our study was that the serum concentrations of VEGF-C, CEA, NSE, and CYFRA21-1 were not investigated. A large number of published studies have investigated these cytokines in peripheral blood and suggested that they can serve as sensitive and specific markers for lung cancer[@b14][@b15][@b16][@b17][@b18][@b23][@b24][@b25][@b26][@b27][@b28][@b29]. However, in this study, we did not identify a significant difference in CEA or CYFRA21-1 concentration in BALF between lung cancer and non-cancer controls, suggesting that in this context CEA and CYFRA21-1 produced within airways is disproportionate to their systemic production.

The pulmonary mass is a common and challenging clinical problem. It is essential to distinguish malignancy from benign diseases, because malignant masses should be identified and resected promptly to improve patients\' life quality and survival. To our knowledge, this study is the first study to date that has assessed the utility of VEGF-C in BALF for differential diagnosis of lung cancer. The findings from our study indicated that VEGF-C was a biomarker for lung squamous cell carcinoma. Moreover, we found that NSE was significantly higher in BALF of lung cancer patients than in that of patients with benign diseases. Measurement of NSE in BALF might be helpful for differential diagnosis of lung cancer. However, there was no significant difference in CEA or CYFRA21-1 concentration between malignant and benign groups. Future studies are wanted to validate these results and elucidate their benefit in clinics.

Methods
=======

Subjects
--------

From February 2011 to July 2013, 87 patients who were found pulmonary mass by chest radiograph or CT screening at the Affiliated Hospital of Ningbo University were enrolled in this study. Approval for this study was obtained from the local ethics committee, and informed consent was obtained from all participating subjects. All patients had histological confirmed and the subjects were excluded if they previously had received preoperative chemotherapy or radiotherapy. [Table 1](#t1){ref-type="table"} summarizes the patients and tumor characteristics. The patients\' ages ranged from 42--80 years with a median age of 60. There were 48 lung cancer patients (38 males and 10 females; age: 60.2 ± 1.3 years) and 39 patients with benign diseases (17 males and 22 females; age: 56.9 ± 1.4 years). The pathologic types included 19 squamous cell carcinomas, 15 adenocarcinomas, 11 small cell carcinomas, and 3 of other cell types.

Bronchoalveolar lavage (BAL)
----------------------------

BAL was performed through a fiberoptic bronchoscope before brushing or biopsies. After the local upper airways were anesthetized with 5 mL of 2% lidocaine, the bronchus on the disease side was washed with 0.9% saline solution and the fluid was gently withdrawn into a siliconized container. The lavage fluid was filtered through a nylon filter to remove mucus and centrifuged at 3,000 revolutions per minute for 10 min, and supernatant aliquots were frozen at −80°C for later analysis.

Measurements of VEGF-C, CEA, NSE, and CYFRA21-1
-----------------------------------------------

The level of VEGF-C (pg/ml) was measured using enzyme-linked immunosorbent assay kits (ELISA; R&D systems, Minneapolis, MN, USA). The assays were conducted according to the manufacturer\'s guidelines. Levels of CEA, NSE, and CYFRA21-1 (ng/ml) were determined by commercially available test kits (electrochemiluminescence immunoassay, ECLIA; Roche Diagnostics, Mannhein, Germany).

Statistical analysis
--------------------

Data are presented as means ± standard error of the mean (SEM). Comparison between different groups was done using the Student\'s t-test. The area under the ROC curve was reported to evaluate the ability of the potential tumor markers in discriminating cancer from benign diseases. The analyses were conducted using SPSS version 13.0 (SPSS, Chicago, IL, USA), and all tests were two-sided with a significance level of 0.05.
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![Comparison of VEGF-C level in bronchoalveolar lavage fluid from benign and malignant groups.\
No significant difference of VEGF-C level was found between malignant and nonmalignant groups (*P* = 0.08) (A). The level of VEGF-C was significantly higher in patients with squamous cell carcinoma than in those with benign diseases (*P* = 0.043) (B); Horizontal lines represent the mean values.](srep03473-f1){#f1}

![Comparison of CEA, NSE, and CYFRA21-1 levels in bronchoalveolar lavage fluid between benign and malignant groups.\
The level of NSE was significantly higher in lung cancer patients than those in benign diseases (*P* = 0.018) (A); no significant difference of NSE (*P* = 0.375) (B) or CYFRA21-1 (*P* = 0.838) (C) levels was found between malignant and nonmalignant groups. Horizontal lines represent the mean values.](srep03473-f2){#f2}

![Receiver operating characteristic (ROC) curve was performed to evaluate the threshold value of NSE in differentiating malignant from benign pulmonary diseases.\
NSE reached a sensitivity of 72.9%, a specificity of 69.2%, a positive predictive value of 74.5%, and a negative predictive value of 67.5%. (cut-off value: 2.06 ng/ml; area under the curve: 0.711).](srep03473-f3){#f3}

###### The characteristics of the patients

                             Malignant group   Benign group
  ------------------------- ----------------- --------------
  Age, years                   60.2 ± 1.3       56.9 ± 1.4
  Gender                                             
  Male                             38               17
  Female                           10               22
  Smoking status                                     
  Smokers                          25               14
  Non-smokers                      23               25
  Pack/years                   60.1 ± 8.0       38.9 ± 5.9
  Histological type                                  
  Squamous cell carcinoma          19                
  Adenocarcinoma                   15                
  Small-cell lung cancer           11                
  Others                            3                
